Objective: To characterize existing rehabilitation interventions for patients with disorders of consciousness in longterm care and to evaluate the quality of evidence of these interventions. Data sources: Databases MEDLINE, Embase, CINAHL, the Cochrane Library, CareLit and SoLit from January 2003 until July 2013. Study selection: Studies were selected that focused on rehabilitation interventions for patients in a coma, vegetative state or minimally conscious state who were living in a longterm care setting. Interventions related to rehabilitation nursing, physical therapy, occupational therapy, and speech therapy were described. A total of 53 publications was included. Data extraction: Two authors independently extracted the data and assessed the quality of reporting using the National Service Framework (NSF) for Long Term Neurological Conditions (LTNC). Data synthesis: Out of all extracted rehabilitation interventions 12 categories were generated and described. Out of 53 publications 28 (52.8%) contained expert-based evidence and 25 (47.2%) presented research-based evidence. Conclusion: There are a multitude of different rehabilitation interventions for individuals with disorders of consciousness, which are established in clinical practice and supported by expert opinion. However, evidence regarding these interventions is weak and recommendations are strictly limited. The findings of this review may represent a basis for further research.
INTRODUCTION
Brain injuries of traumatic or non-traumatic origin may have catastrophic consequences for the individual. With improvements in acute medical and post-acute rehabilitation care, the survival rate of these patients, and the number of individuals surviving with severe disorders of consciousness (DOC), increases (1, 2) . DOCs are characterized as coma, i.e. complete unresponsiveness with closed eyes, vegetative state (VS), i.e. complete unresponsiveness with open eyes, or minimally conscious state (MCS), i.e. limited conscious interaction with the environment (2) . Despite the presumably increasing number of affected individuals, valid epidemiological data on the prevalence and incidence of DOC are limited and show great variation (3) . For long-term care facilities and nursing homes in Austria, a prevalence of 3.4 per 100,000 for VS and 1.5 per 100,000 for MCS has been shown (4) . Healthcare institutions in France showed a VS/MCS prevalence of 2.8 per 100,000 inhabitants (5) .
For the last 20 years, VS has been considered permanent when lasting for longer than 3 months after non-traumatic brain injury or for longer than 12 months after traumatic brain injury (6) . However, recent studies have shown that making a prognosis is difficult and there is potential for recovery years after the initial injury (7) (8) (9) (10) (11) , even despite the presence of negative prognostic markers (12) (13) (14) .
As such, it seems reasonable to maintain a proper level of rehabilitation care even after discharge from initial inpatient rehabilitation. While it has been shown in the post-acute setting, that rehabilitation may increase the likelihood of functional improvement of patients in VS or MCS (15, 16) , the effectiveness of interventions in long-term care is less clear.
International guidelines for the rehabilitation of brain injury recommend a complex and interdisciplinary approach, but hardly consider the specific nature of long-term care (17, 18) . In Germany, the Federal Association for Rehabilitation provides guidelines for neurological rehabilitation in long-term care. According to these guidelines, rehabilitation should comprise interventions from physical therapy, occupational therapy, and speech and language therapy to amend rehabilitative nursing care. This guideline suggests the implementation of various treatment concepts that focus on the individuals' functioning, but which also include measures to support the family, adapt the environment and enable patients to participate in social life (19) .
QUALITY OF EVIDENCE OF REHABILITATION INTERVENTIONS IN LONG-TERM CARE FOR PEOPLE WITH SEVERE DISORDERS OF CONSCIOUSNESS AFTER BRAIN INJURY: A SYSTEMATIC REVIEW
Although it seems legitimate to reason that rehabilitation interventions might increase the chance of functional improvements in DOC, there is no systematic evaluation of the quality of evidence of rehabilitation interventions for individuals with DOC in the specific context of long-term care. The objective of this systematic review is to evaluate the quality of evidence of rehabilitation interventions for patients with DOC in longterm care.
The specific aims of this review are: • to characterize the rehabilitation interventions applied in long-term care; and • to evaluate the quality of evidence of these rehabilitation interventions.
METHODS

Data source
A systematic literature review was performed using the databases MEDLINE, Embase, CINAHL and the Cochrane Library from January 2003 until July 2013. This period was chosen to provide an overview of the last 10 years. To present the healthcare situation in Germany, the databases CareLit and SoLit, which mainly contain German language publications, were included during the same period.
Study selection
To identify all relevant studies, a specific, rather than a sensitive, search strategy comprising 2 components was conducted. The first component identified all studies involving patients with DOC, whereas the second component aimed to identify all rehabilitation interventions for people with DOC (Appendix 1). The following inclusion criteria were used:
• patients with DOC presenting as coma, VS or MCS;
• 12 years of age or older (i.e. from adolescence on);
• living in an inpatient or outpatient long-term care setting;
• presence of rehabilitation interventions.
The recommendations of the German Federal Association for Rehabilitation for the long-term care rehabilitation of people with DOC were followed (19) , and rehabilitation intervention was defined as non-pharmaceutical and non-surgical interventions provided by therapists including nurses (e.g. rehabilitation nursing, physical therapy, occupational therapy, speech therapy or related). Rehabilitation interventions were also considered, e.g. multidisciplinary patient care, special rehabilitation treatment concepts, the use of adaptive technology and environmental adaption or education and support for family caregivers.
Since a pilot search showed that evidence in the context of longterm rehabilitation care is limited, no restrictions regarding study design were made. The search was restricted to English and German language. If studies were published more than once, the latest publication was included. To ensure the quality of the search strategy, all search strategies were pilot-tested on their ability to find abstracts that were previously identified as relevant.
Data extraction and analysis
Studies were independently screened for inclusion criteria by 2 reviewers (HK and RM) based on title and abstract. The selected publications were subsequently reviewed based on full text. Agreement on the criteria for selecting publications has to be reached by consensus. In case of disagreement during the selection process, a third reviewer (MM) made the final decision. After the final selection, 2 reviewers (HK and RM/ KB) extracted data independently.
The quality of evidence of the reported studies was assessed using the scheme of the UK's National Service Framework (NSF) for Long Term Neurological Conditions (LTNC) (20) . The NSF-scheme was developed for the critical appraisal of literature especially for the setting of neurological long-term care conditions and offers a methodology to assess the evidence of primary research as well as the evidence from expert opinion to support best clinical practice (21, 22) .
Within the NSF-scheme "Expert evidence" comprises expert opinions from users, carers and professionals and is not further evaluated in the critical appraisal. Each publication including "research evidence" was rated in 3 categories: "design", "quality" and "applicability". The category "design" assesses the used research design (Table I ). The assessment of "quality" is based on 5 items and was designed to be applied for both qualitative and quantitative research (Table II) . "Applicability" indicates whether the study relates directly or indirectly to long-term neurological conditions (20, 22) . Consensus of scoring was achieved through discussion, until there was a complete agreement on scores. In the event of discrepancy a third reviewer (MM) was available to discuss and make a majority decision. We decided to use the NSF approach instead of the more common approach of GRADE (Grades of Recommendation, Assessment, Development, and Evaluation) (23, 24) because the preliminary screening of the included publications showed that their quality in terms of study design and reporting would be below the threshold of GRADE, and the aim of our study was to give an overview of the existing literature rather than providing immediate recommendations for clinical decisions.
Data on patient group, setting, rehabilitation interventions and study design were extracted from the selected publications. After extraction, the retrieved rehabilitation interventions were categorized. The categorization was conducted in 3 steps. In the first step each rehabilitation intervention described in the publication was listed in its original wording. In the second step, the names of the interventions Table I .
Categories of research design for the included studies according to National Service Framework (NSF) typology (n = 53)
Research-based evidence n (%)
Primary research-based evidence P1 Primary research using quantitative approaches 14 (26.4) P2 Primary research using qualitative approaches 1 (1.9) P3 Primary research using mixed methods 1 (1.9) Secondary research-based evidence S1 Meta-analysis of existing data analysis 0 (0.0) S2 Secondary analysis of existing data 0 (0.0) Review-based evidence R1 Systematic reviews of existing research 0 (0.0) R2 Descriptive or summary reviews of existing research 9 (17.0) Total research-based evidence 25 Each quality item is scored as follows: Yes = 2, In part = 1, No = 0. High quality = 7-10, Medium quality = 4-6, Poor quality = 0-3.
were harmonized. The third step was to build major categories summarizing rehabilitation interventions with the same topic or goal. The main goal of this categorization was to arrive at categories without any reference to specific professions, but according to functional and structural aspects.
RESULTS
Study selection
The literature research yielded a total of 2,290 publications for the title and abstract screening. After screening of title and abstract, a total of 151 publications was selected to be assessed for eligibility in full-text. Out of 151 publications 146 were read in full-text and 5 were untraceable. The 2 reviewers (HK and RM) reached consensus on 143 publications, and 3 publications were presented to the third reviewer (MM) for final decision. Finally, 93 publications did not meet the inclusion criteria and a total of 53 publications were selected for inclusion in the analysis. A flow chart of the selection process is shown in Fig. 1 .
Characteristics of included publications
The patients in the included publications covered the whole spectrum of DOC, particularly VS and MCS. Tables III and IV .
Rehabilitation interventions in long-term care
The categorization process resulted in 12 major categories of rehabilitation interventions, with 2 to 8 sub-categories (Table  V) . Out of the 53 included publications, 41 (77.4%) reported more than 1 of those major categories. The majority of the rehabilitation interventions were associated with routine care measures (Table V, A-G). Most of them aimed to evoke rehabilitation potentials, e.g. weaning off percutaneous endoscopic gastronomy (PEG)-tube and enabling in oral feeding (25) , decannulation to facilitate physiological respiration (26) , removal of urinary catheter (27) or postural management to support a stable sitting or standing position (1, 27, 28) .
Furthermore, many rehabilitation interventions were identified from the included publications that aim to prevent secondary complications (Table V, H) (25, (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) 42) . This included malnutrition and complications related to PEG-tube (33, 35) , respiratory tract infections or cystitis (25, 27, 33, (36) (37) (38) (39) (40) (41) (42) , pressure sores (31-33, 35, 36, 42) , joint contractures (27, 29, 31-33, 35-37, 42-45) or deep venous thrombosis (33, 36, 42) .
Thirty-nine publications reported the use of specialized treatment concepts (Table V, I ). The most frequently reported treatment concepts were sensory stimulation techniques (1, 2, 25, 28-31, 33, 35, 40, 44, 46-57) , partly in combination with assistive technologies for patient's self-control (52, (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) (68) or including the provision of familiar voices (59, 60, 69) .
Also, the use of adaptive technologies and environmental management (Table V, J) was frequently reported in the included studies. This included measures to minimize overstimulation, promotion of natural sleep-wake cycles and the use of medical aids or adaptive technologies. Also, supporting communication and interpersonal interaction (Table V, K) was frequently reported. A number of publications described simple communication strategies, e.g. yes-no-code with pressing the hand (25, 32, 35, 43, 55) or complex adaptive communication technologies (52, 58, 66, 70) .
Seventeen included publications reported rehabilitation interventions related to "family support" (Table V, L). This included measures such as information provision (33, 57, 58, 61, 63) , counselling (33, 62, 64, 65) , guidance and training (37, 62, 65, 66) , social support (28, 33, 35, 58, 59 ) and inclusion in treatment process (31, 34, 39, 65, 66) .
Evidence typology and quality assessment
Twenty-eight (52.8%) out of 53 publications contained expert-based evidence. Among those, 14 (50.0%) described the author's clinical experiences and 9 (32.1%) combined the author's clinical experiences with case reports (see Table I ).
Out of the 53 publications, 25 (47.2%) presented research-based evidence. Of these 25 publications, 16 (64.0%) reported primary research, mostly a quasi-experimental design without control group or randomization and a small sample size. Nine (36.0%) Publications included in review (n =53)
Publications excluded Not meeting criteria (n=93)
Untraceable (n =5)
of the 25 publications used review-based approaches, all nonsystematic, descriptive or summary reviews of existing research. A total of 17 out of the 25 studies (68.0%) were rated as "high quality", 8 (32.0%) as "medium quality", and none as "low quality" in the quality assessment. Since we only included studies that were conducted in the setting of long-term care, the criterion "applicability" is classified as "direct" for all included studies.
DISCUSSION
This systematic review characterizes rehabilitation interventions for patients with DOC in long-term care and provides further insight into the quality of evidence of interventions in this field. Twelve different major rehabilitation intervention categories were identified, supported by literature of varying quality. : primary research using quantitative approaches; P2: primary research using qualitative approaches; P3: primary research using mixed methods; R2: descriptive or summary reviews of existing research.
The multitude of categories reflects the complex and multidisciplinary character of optimal care in neurological long-term conditions where interventions often overlap and interact (22) .
Even though only a small proportion of publications reporting results of original research were found, the number of reports from current practice shows the high relevance of the topic.
Almost all included publications that were categorized as research-based evidence were carried out by the same group on the topic of adaptive technologies. These may have an important impact on the individuals' engagement and interaction; however, they were not yet being used in routine care (28, 52, 58, 67, 70) . The other publications judged as primary research-based evidence report research on specialized treatment, such as sensory stimulation techniques (53) and musicbased stimulation (69, 70) or research on occupational therapy practice (30) , all show potential implications for practice, but without providing sufficient evidence for supporting clinical decision-making.
The quality of evidence varies among the 12 major rehabilitation categories identified. For example, evidence regarding the categories "nutrition" and "skin care" are based mainly on clinical experiences, while the evidence on "adaptive technology and environmental management" mainly includes primary research-based evidence. However, as mentioned previously, a higher level of evidence does not necessarily lead to more (52, 58, 67, 70) . In the context of long-term conditions, the outcome or treatment goals are usually focused on reduction in the impact of the disease (22) . This is also reflected in our review: various rehabilitation interventions aim to support the patient's individual preferences and provide participation in community life (25, 32, 33, 35, 40, 50, 55, 73) .
The included primary research studies are concerned with 3 categories of rehabilitation interventions: "special treatment concepts", "adaptive technology and environmental management" and "provision of interaction and communication". Quality evaluation shows that, despite the small sample sizes and studies not exceeding quasi-experimental study designs, the majority of studies were judged as well-constructed according to the NSF typology. The major category "special treatment concepts" involves a multitude of different concepts that were frequently reported in practice, e.g. sensory stimulation techniques (1, 2, 25, 28-31, 33, 35, 40, 44, 46-57) , sensory stimulation techniques combined with assistive technologies (52, (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) , sensory stimulation techniques including familiar voices (59, 60, 69) , music therapeutic interventions (50, 52, 65, 68, 71, 72, 74) , Facio-Oral Stimulation techniques (25, 30, 35, 47) , Bobath concept (25, 30, 35, 42, 47, 51) , Affolter concept (30, 35) and kinaesthetics (25, 30, 35, 40, 47, 51) . However, even though sensory stimulation techniques for patients in a coma or VS in the acute rehabilitation setting were the most frequent studied approach in long-term care, they showed insufficient evidence in a systematic review to support or rule out the effectiveness of sensory stimulation techniques (75) . Furthermore, a series of studies was found that assess the use of adaptive technologies, sometimes combined with measures to provide interaction and communication. These studies may enable people with DOC to develop an active role with increased self-determination (52, (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) 70) . Nevertheless, the studies have only a small number of participants (1-5 cases), without providing control groups and randomization.
Study strengths and limitations
The choice of the focused settings may require some explanation. We decided to investigate the situation of rehabilitation care provision in the individuals' permanent living situation after initial inpatient rehabilitation care. This includes individuals living at home, as well as in nursing homes or in specialized long-term care facilities. Settings such as the long-term acute care hospitals, as established in the USA (76) do not meet the focus of our study because those meet the patients' needs for prolonged acute care rather than providing permanent living situations.
A further point of concern might be the relatively high number of included publications that do not precisely report the study setting. However, most of these publications report guidelines or expert opinions, which are targeted to the general situation of patients with DOC rather than to a specific setting of care, and are therefore unambiguously relevant to our review. In publications that report primary research or systematic reviews, the proportion of unspecified settings is much lower (17%).
A major strength of this review is the use of the UK's NSF scheme, which makes evidence both from research and from experts' opinion accessible for evaluation (22) . However, even though a large proportion of the retrieved studies reached a good quality rating in this system, one must acknowledge that almost all included studies would fail when applying traditional methods of evidence evaluation, such as GRADE. However, making use of GRADE would have resulted in floor effects, i.e. almost all studies would have been graded at the same low level of evidence, and comparisons between the studies would have been less insightful (21, 23) . The NSF's typology accounts for the specific situation of neurological long-term interventions, includes expert and research evidence, and allows in-depth analysis of the studies included in this review (20) (21) (22) .
Moreover, this review is based on a broad search strategy using the databases MEDLINE, Embase, CINAHL, the Cochrane Library, CareLit and SoLit. This makes it probable that all relevant studies were included in this review. Since the databases CareLit and SoLit mainly cover German language publications, the situation in Germany may be overrepresented, and this must be taken into consideration when interpreting the results of this study.
Conclusion
This review highlights the multitude of different rehabilitation interventions for individuals with DOC established in clinical practice and supported by expert opinions. Twelve categories are set out in this review in an effort to deal with the variety of rehabilitation interventions that overlap and interact with each other. Overall recommendations are strictly limited. However, the review provides an overview and characterization of all existing rehabilitation interventions for people with DOC in long-term care. The general absence of randomized controlled trials and clinical trials underscores the need for further systematic research to establish evidence-based rehabilitation for this highly vulnerable population. The findings of this review may form the basis for a systematic research programme.
